T he most common cause of childhood-onset physical disability in the US is cerebral palsy. 45 For a child with CP, the 1st decade of life, and to some extent the 2nd, is filled with a variety of interventions designed to ameliorate symptoms and impairments, with the goal of reducing functional deficits. Prominent among these treatments are those related to decreasing spastic tone and improving motor performance, including physical and occupational therapy, botulinum toxin and phenol injections, and surgical procedures, both orthopedic and neurosurgical. As survival for individuals with CP has improved over recent decades, there has been a growing interest in understanding how these early interventions affect adult functioning.
ing the medical interventions that adults with CP received as children. The long-term effects of childhood treatments are hopefully helpful but could be harmful as well. Adults with CP have been found to experience age-related declines in function at an earlier age. 1, 29 Both weakness and muscle tone appear to contribute independently to decreases in the performance of ADLs in these adults. 22 Many questions have been raised concerning childhood procedures and the possible negative changes in muscle structure after botulinum toxin or spinal integrity after selective dorsal rhizotomy and intrathecal baclofen. 13 Thus, it is imperative to assess the effects of early interventions in this patient population to better understand how these interventions affect individuals as they enter adulthood and age with their disability.
Selective dorsal rhizotomy is one of the more invasive treatment options used in children with spastic CP. This neurosurgical procedure involves a laminectomy or laminotomy and selective lesioning of sensory rootlets in an effort to maintain a balance between elimination of spasticity and preservation of function. 9, 11 Few investigators have performed long-term studies in adults to assess the function of those who underwent SDR as children, although documented improvements in children include reduced tone in the lower limbs, improved lower-limb passive range of motion, better gait parameters, and improved bladder function. 10, 24, 26, 46 Not every long-term follow-up has shown positive functional results. Tedroff et al. 39 noted no functional improvement and some functional and range of motion decline despite spasticity reduction at the 10-year follow-up in a cohort of adolescents. Authors of a recent review of long-term follow-up studies (defined as more than 5 years after surgery) determined, based on the fact that these studies had lower levels of evidence preventing definitive conclusions, that there was weak evidence for improvements in body structure and function and no evidence of improvement in activity and participation. 14 Complications from the rhizotomy are infrequent but can involve hypesthesias and incontinence. These problems have not been noted to have significant functional impact with short-term follow-up, 36 but the effects on sensation and bladder function have not been studied in adults. The effect of the laminectomy or laminotomy on the spine is a significant concern. However, the reports of spinal deformities are hard to interpret given the lack of information on the natural history of the spine in individuals with CP, especially those who are ambulatory.
It is imperative to understand the long-term effects of interventions on children, especially major surgical procedures such as the rhizotomy. Considering the complications that could occur, the first questions we must ask are, Did we do any harm? Did we positively or negatively affect their lives? Do they or their family consider the rhizotomy to have been a good or a poor choice of intervention?
The purpose of this study was to assess long-term outcomes in adults with CP who underwent an SDR as children and their (or their family members') perceptions of the procedure. Of interest was the impact of this surgery on functioning, pain, and satisfaction with life. Also evaluated was the need for additional interventions for hypertonicity following the SDR.
Methods
Local institutional review board approval was obtained at each of the 2 study sites, and approval for sharing information between sites was also attained. Informed consent was received from the adult with CP or a representative caregiver, generally a parent, if the patient was unable to give consent.
In this descriptive study we surveyed adults (age > 21 years) and older adolescents (16-20 years old) with CP who had been identified from the records of children who underwent an SDR and were followed up at 2 academic rehabilitation centers, the UMHS and the RIC. At the UMHS, attempts were made to contact all patients who were born prior to 1994, whereas at the RIC, patients were identified through the records of children with CP who had undergone the SDR between 1987 and 1991. In general, after sending an introductory letter to the last known mailing address approximately 2 weeks prior to the survey, we contacted the adults with CP via telephone, and consent was obtained to complete a telephone survey. Occasionally, respondents were surveyed at the time of a clinic visit (at UMHS only). At both centers, the SDR had been performed with a laminectomy from L-2 through S-1. The exact levels varied among patients: Many were L2-L5, and some were L3-S1. Electrophysiological testing had been performed during surgery in all patients to help determine which rootlets to section.
The survey included demographic information, information regarding medical treatments, and questions about health, life satisfaction, motor function, and manual ability. Demographic information included age, sex, living situation, highest education level, and current employment or school status. The use of antispasticity treatments was assessed via questions about the need for surgery (hip surgery, knee surgery, tendon lengthening surgery, or intrathecal baclofen pump placement) or any further medical treatment for spasticity (oral medications, botulinum toxin injections, or phenol injections). Health perception was assessed using Question 1 of the SF-36, and patients rated their perception of their health on a 5-point scale from poor to excellent. The respondent's perception of the SDR was assessed by asking whether they believed that the SDR increased their QOL and whether they would recommend the surgery to other families of children with CP. They were also asked if they needed assistance with the following ADLs: eating, bathing or showering, using the toilet, getting dressed, grooming or hygiene, and transferring.
Pain in the past week was assessed using the NRS, a 0-10 scale in which 0 indicates no pain and 10 indicates the worst pain imaginable. Pain location was also queried with choices of back, legs, arms, head, or other. Respondents were also asked if they had a history of back pain and to rate it separately on the NRS. The level of pain was then rated as mild (1-3), moderate (4-7), severe (8) (9) , and very severe (10) . ing the Diener SWLS, which rates 5 statements on a 7-point scale.
31 Total summary scores were interpreted as follows: extremely satisfied with life (31) (32) (33) (34) (35) , satisfied (26) (27) (28) (29) (30) , slightly satisfied (21) (22) (23) (24) (25) , neutral (20) , slightly dissatisfied (15) (16) (17) (18) (19) , dissatisfied (10) (11) (12) (13) (14) , and extremely dissatisfied (5) (6) (7) (8) (9) . The reliability of this scale has been reported to be greater than 0.80.
Motor function was assessed using the GMFCS, 30, 32 a scale commonly used in the care of children with CP to describe gross motor function, primarily focusing on usual performance as regards sitting, walking, or wheeled mobility. 30 This scale has also been validated for adults with CP and shows good correlation between self-reported and professionally determined levels. 15, 23, 33 The scale is an ordinal, 5-level classification system that emphasizes the WHO's International Classification of Functioning, Disability and Health.
23 Levels are as follows: I, walks without limitation; II, walks with limitations; III, walks using a handheld mobility device; IV, self-mobility limitations (can sit on own but cannot stand or walk without significant support); and V, transported in manual wheelchair and difficulty sitting on own and/or controlling head and body posture.
Upper-extremity function was assessed using the MACS, a 5-level scale: I, handles objects easily and successfully; II, handles most objects with reduced quality; III, handles objects with difficulty; IV, handles a limited selection of objects; and V, does not handle objects. 7 It has been found to have good reliability and validity as a communication tool between families and professionals about the ability of children with CP to handle objects in their daily lives. 25 The MACS has demonstrated good reliability in adults as well. 41 
Statistical Analysis
Statistical analyses were done using SPSS version 18 (IBM, Inc.), and included descriptive statistics for frequencies of sample characteristics as well as outcome variables such as answers to questions about the rhizotomy, Diener SWLS scores, and questions about overall health, pain, and interventions. Chi-square analyses and ANOVA were used to test univariate associations between variables such as differences between data collection sites, differences between self-report and proxy report, and associations between the SWLS and pain or health. To simplify analysis, several categorical variables, such as GMFCS level, MACS level, and overall health, were collapsed into binomial variables (Levels I and II vs Levels III-V; very good or better health vs good or lower health). We used logistic regression to assess factors that would predict a recommendation to others to undergo a rhizotomy, controlling for functional level, sex, and age at rhizotomy. Values are expressed as the means ± standard deviation unless indicated otherwise. Significance was set at ≤ 0.05.
Results
Using each hospital's information databases, the latest contact information was obtained for 123 patients at the UMHS and 148 at the RIC who met the criteria for inclusion in the study. At UMHS, 62 patients or their families were reached; 53 agreed to participate, 7 refused, and 2 were deceased. At the RIC, 37 patients were contacted; 35 agreed to participate and 2 refused. Refusals occurred for the following reasons: 1) dissatisfaction with the results of the procedure (1 family); 2) discomfort of caregivers in answering the survey for nonverbal individuals; and 3) logistical problems such as an inability to find a good interview time or a poor cell phone connection leading to abandonment of data collection. Eighty-eight adults with CP (58% male) or their caregivers were interviewed, with 66% of the patients completing the survey independently. This final number represented 32% of the potential participants for the study. For all data collected, the only significant difference between the 2 study sites was that the RIC group had a longer follow-up, that is, 21.8 ± 1.4 years versus 18.2 ± 3.0 years for the UMHS participants.
Selective dorsal rhizotomy had been performed at a mean age of 6.0 ± 3.9 years. Study participants, mean age 25.6 ± 4.8 years, were interviewed a mean of 19.6 ± 3.0 years postprocedure. Fifty-six percent were currently living with their parents, 25% were living alone, and the rest (19%) were living with a significant other, caregiver, or other person. Forty-nine percent of respondents had at least a high school diploma and 14% had advanced degrees. Thirty-nine percent were still in school and 35% were employed. The majority required help with ADLs, particularly those at GMFCS and MACS levels indicating more motor limitation. Most had GMFCS Levels III and IV and MACS Levels I, II, and III. Ninety-two percent had used orthotics, although 44% had stopped using them (Table 1) .
Additional management was frequently required following the SDR procedure: Orthopedic procedures were performed in 74% of participants, that is, hip surgery in 36% and tendon surgeries in 63%. In regard to medical antispasticity treatments, 38% were currently taking oral medications and 53% had received botulinum toxin injections. Thirteen participants (15%) had an intrathecal baclofen pump placed; 4 of the 13 had the pump removed ( Table 2) . Prevalence of orthopedic procedures was about the same across GMFCS levels (Table 3) .
Health was rated as good or better in 92% of participants, while only 6% rated their health as fair and 2% as poor (Table 2 ). There was no significant difference in the rating of health between self-report and proxy report. There were no significant differences in health perceptions across GMFCS levels (Table 3) .
Sixty-five percent of participants believed that the SDR increased their subjective QOL, and 65% would recommend the surgery to others (Table 4) . Eight percent thought the SDR decreased their QOL, citing pain and no effect as reasons. Most of the patients reporting a decreased QOL were at GMFCS levels with more motor limitation (Fig. 1) . Thirty-one percent overall were not sure they would recommend an SDR to others. Comments from this group included, "I don't know what my life would be like without it" and "I was so young at the time, it is hard to know how it affected me."
Global life satisfaction generally fell in the satisfied range, with a mean overall SWLS score of 26.0 ± 7.3. Satisfaction with life was scored 20 or greater in 76% of patients (Fig. 2 ). There was a trend (p = 0.07) toward lower scores in those who had a proxy report. Those reporting better health had significantly greater SWLS scores (p < 0.01; Fig. 3 ). The GMFCS level was not a significant predictor of the SWLS score (Table 3) . Forty-four percent of patients reported pain in the past week, and the pain was most often located in the back and lower limbs (Table 5) . About half of all the patients reported chronic back pain. More than 50% of those reporting any back pain (recent or chronic) indicated that the level of pain was at least 5/10. Those who reported recent pain had significantly lower SWLS scores than those who did not (24.0 vs 27.7, p = 0.02). The same was true for chronic back pain (24.3 vs 28.2, p = 0.01). More study participants at higher functional GMFCS levels (I and II) complained of pain in the past week (p = 0.03) and more often reported chronic back pain (p < 0.01) than those at Levels III-V (Table 3 ). There was no significant difference in reporting pain between the self-report and the proxy report.
Using logistic regression, we examined the factors that would predict the response to the question, "Would you recommend the rhizotomy to others?" The SWLS scores, overall health, history of recent pain, and history of chronic back pain were tested as predictors. The model controlled for GMFCS level, MACS level, age at rhizotomy, sex, and self-report versus proxy report. The full model demonstrated good fit (c 2 = 10.1, p = 0.259, Hos- mer-Lemeshow test). The SWLS score was a significant predictor (p = 0.01), and overall health showed a trend toward being a predictor (p = 0.08), with better scores on these parameters associated with increased odds of recommending the rhizotomy to others. The model as a whole explained between 22% (Cox and Snell R
2
) and 34% (Nagelkerke R 2 ) of the variance between recommending and not recommending (Table 6 ).
Discussion
In this study we evaluated long-term outcomes and subjective impressions after SDR. We also reported on health perception, satisfaction with life, pain prevalence, and spasticity treatment in adults with CP after undergoing SDR as children. In this population, there was a high prevalence of both pain and post-SDR medical and surgical spasticity treatments. Despite the continued pain and spasticity, the majority of patients were satisfied with their lives and reported good to excellent health.
When asked about their subjective impression of the SDR, the majority (65%) of individuals interviewed believed that the rhizotomy had a positive impact and would recommend the surgery to others. Prior studies of this procedure have generally evaluated function in individuals over a shorter time frame. Nordmark et al. 26 found that in young children with spastic diplegia, SDR in combination with physiotherapy provided lasting functional benefits over a period of at least 5 years postoperatively. Mittal et al. 24 reported 5-year outcomes in a group of 50 patients, with reported improvements in lower-limb motor control persisting at 3 and 5 years. Longer-term results have been recently reported by Langerak et al. 20 in a 20-year follow-up study of 13 patients after SDR; sustained improvements in gait patterns were noted. These authors also concluded that functional outcomes based on muscle tone, joint stiffness, voluntary movement, and activity level improved significantly 1 year after SDR and that the improvements were maintained at 20 years following 
surgery.
19 In a somewhat larger cohort of 31 patients, all at GMFCS Levels I-III, these same authors noted a fairly high level of mobility, independence, and satisfaction with life habits 17-26 years after rhizotomy. 18 Compared with Langerak and colleagues, we describe a larger population of individuals interviewed postrhizotomy. Our participants were slightly less likely to report a positive response to the rhizotomy (65% vs 74%); however, the individuals we interviewed included a wider range of GMFCS levels, and those with GMFCS levels associated with more motor involvement were less likely to report a positive outcome. This finding is consistent with results in prior studies documenting lower degrees of functional change in patients with more severe baseline impairment. 17 Many adults with CP experience a decrease in function early in adulthood accompanied by significant chronic pain and fatigue, a phenomenon that has been called "early aging." 40 Reductions in ambulatory abilities have been documented in adults with CP beginning in young adulthood. Andersson et al. 1 found that about 35% of surveyed adults with CP reported decreased ambulatory skills, with over 60% stating that they had noted a significant change in their 3rd through 5th decade of life. Opheim et al. 29 performed a 7-year follow-up survey and found that 52% of patients reported deterioration in ambulation by age 37 years, especially among individuals with bilateral involvement. Adults who have difficulty climbing stairs and who use wheelchairs for some of their mobility are particularly at risk for decreased mobility skills. After age 25 years, ambulatory ability generally does not improve, and decline is more likely. 5 This early aging is not completely understood but is most likely related to several factors, including pain, fatigue, musculoskeletal complications, sarcopenia, and low levels of overall fitness.
In theory, spasticity treatment early in life could improve several of these factors associated with this aging phenomenon. Abnormally increased tone interferes with motor control, decreasing gait efficiency and increasing energy expenditure. Spasticity also contributes to contracture and joint dislocation, leading to arthritis and pain. In our cohort, rhizotomy did not eliminate the need for tone interventions, with more than half of the patients reporting the need for medications, injections, or implantable pumps. Whether they would have required higher medication dosages or more combined interventions if they had not undergone SDR remains a question.
Chronic pain is common in adults with CP. It is associated with increased psychological distress and decreased life satisfaction. 8 The lower limbs and back are the most common sites where pain is experienced, although more than three-quarters of adults with pain and CP report multiple sites. 8, 34 The rates of pain reported by individuals in the present study are similar to those in prior studies, 8, 34 suggesting that rhizotomy may not increase or prevent the higher rates of back pain in adults with CP. In a phenomenological study in which young adolescents and young adults with CP were interviewed, study participants who reported constant pain noted that it led to frustration due to a loss of independence and difficulty with activity participation, a finding congruent with ours that individuals with pain rated their satisfaction with life at a lower level. We also found that orthopedic procedures following rhizotomy remain frequent. Several centers have evaluated the impact of SDR with regard to the need for further orthopedic surgery. Chicoine et al. 4 reported that early rhizotomy at the age of 2-4 years reduced the need for subsequent orthopedic procedures. At a mean follow-up of 44 months post-SDR, 38% of the 178 patients in the study had undergone lower-extremity orthopedic operations, with an operation rate of 22% in children undergoing SDR from ages 2 to 4 years and 45% in children undergoing SDR at an age > 4. In a subsequent report from the same center, it was noted that a greater proportion of those with quadriplegia needed further orthopedic surgery, with 34% of the 2-to 5-year-olds and 70% of the 6-to 14-year-olds requiring this intervention. 27, 28 Walking function at the time of SDR has also been found to be predictive of the need for subsequent orthopedic surgery. In a report of 158 children with spastic diplegia who were followed up for over 5-9 years, the overall rate of subsequent orthopedic surgery was 24% for independent walkers and 51% for assisted walkers. Thus, our finding of high rates of tendon surgery postrhizotomy may reflect greater impairments in our population, center bias toward these interventions, or an evaluation performed over a longer time frame.
Langerak et al. 19 noted a significant increase in scoliosis over time in a cohort of adults, as well as other spinal deformities. Several other studies have documented similar findings with a short-term follow-up, especially with increases in lordosis. 12, 16, 21, 35, 37 Less than 10% of patients in the present study reported surgeries for scoliosis, although even lower rates have been reported in shortterm studies. 27, 28 Spinal deformity is fairly common in CP, and there is no convincing evidence that the incidence of these problems is affected by the laminectomy or laminotomy of the rhizotomy.
Study limitations include the fact that our cohort represents easy-to-find participants, who were a minority of the potential respondents (88 [32%] of 271). When aggressive tracking occurs with children of low birth weight, the outcomes are skewed to more disability and poorer outcomes. 2 This difference between hard-to-find and easy-tofind patients limits generalization of the study data. This limitation should be considered, as those who are disappointed with their results or who did not have consistent follow-up may represent a dissatisfied or poor outcome group. Children whose families had resources or were persistent with follow-up certainly bias this study. The rate of graduation and employment argues that our group has support and resources. There were a few reasons why participants were hard to find. First of all, many had not been back to the medical center that performed their rhizotomy for an extended time. We have noted that many patients, especially those with higher levels of function, tend to lose contact with our clinic during their adolescent years, with some returning only recently because of specialty services aimed specifically at adults with CP. At the RIC, many of the early SDR procedures were performed as part of a regional outreach, with patients coming from hundreds of miles for their procedure and then returning to their home medical system for follow-up care.
Although a formal QOL measure was not used, an informal question concerning QOL was included in the phone survey. Note that the more involved children and their families tended to rate the QOL after rhizotomy as reduced. In the group of children who were more involved, 90% of answers were by proxy. This reduced assessment of the effects of rhizotomy on QOL could reflect the difference in how a parent perceives QOL and how the patient perceives it. Agreement between parent and child ratings of QOL has been found to be poor to moderate in studies by Varni and colleagues. 43, 44 Agreement in the domains of social and emotional areas have greater discrepancies, whereas agreement in the domains of physical health and function remains quite high. 42 For QOL studies, it is important to have self-reporting, especially with children. The group with more negative responses to the QOL question in our study reflects the current selection criteria for the procedure. It is well known now that children at GMFCS Levels I-III with good strength and motor control benefit most from SDR, whereas children at GMFCS Levels IV-V may have fewer functional benefits. This selection criterion has evolved, 28 and a sense of reduced postoperative QOL effects in children and families may be a consequence of inappropriate expectations or early poor candidate selection for the SDR. One event in a child's life may or may not affect satisfaction with life or QOL as perceived by that child as an adult. It is interesting to note that there was no significant difference between satisfaction with life scores based on functional level, and only a trend toward lower scores in the proxy response compared with the patient response. How satisfaction with life and QOL are related is unclear, however; both attempt to understand the patient's or the parent's perception of their or their child's life experience. As we evaluate the long-term impact of surgical or other therapeutic interventions, it is important to consider the expectations for gain in function. However, it is equally important to understand the impact of the procedure on the child, as many procedures limit participation during crucial developmental periods in their childhood, such as time out of school for therapy or extended recovery time for surgical procedures. What we impose on children can be the genesis of negative memory and may be reflected on poorly by the adult with little proven functional benefit. In research stakeholder meetings, it has been found that many adults have negative memories about simple, well-meaning procedures such as physical therapy or even clinic visits. 40 This finding has become clearer as we include the adult with childhood conditions in setting research agendas with all stakeholders. Childhood providers can learn a lot from adults who have been through a multitude of interventions and experiences. Further study of interventions can inform us of the impact, and as we learn from these adult memories, we can better address the psychological well-being associated with, and the expectations for, the interventions.
Conclusions
The majority of adults who underwent SDR had a positive impression of the surgery and would recommend it to others. Very few reported negative impressions of the procedure. Levels of satisfaction with life post-SDR were generally high, with no evidence that the procedure had a negative effect on life satisfaction. Pain prevalence was similar to what has been reported in the literature for adults with CP, suggesting that the laminectomy performed during SDR does not lead to greater problems with the spine and back than are commonly seen in this population. Despite the SDR, further interventions, both surgical and nonsurgical, were used in the majority of patients. More studies are needed to define the benefits of SDR over the long term, but data in the present study suggest a general positive impression and a lack of negative consequences of SDR. 
